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DIMff

This project was coanluted to determine Ve effect iveness
achieved, the effort reqr.iired, and the dose receive~d by persomnel in
the use of simple decontamination procedures for the radiological
recovery of resident ial areas ý, ~ra -. ' rA X

A s"rise of tests was conducted on small test plots at Camp
McCoy, Wisconsin, with radioactive fallout simulant. Simple decoiq-
taninat ion techniques employing household and garden tools were used.
In addition, the radiological recovery of a small residence and
surrounding lawn vas effected.

The following conclusions are based on the experimetal
results:

(11 Simple decontamination methods such as sweeping, vacuum
cleaning, and garden hosing are a~ffective when applied to roofs and
paved areas - .ince these methods have relatively slow application
rates, theL4 employment will be limited by operator dose.

( Surface recoval is the only effective simple method
applicable to soil. Work rates are very low and will vary according
to the soil condition; however, plowing with a garden tractor is
applicable to adjacent areas or badfer zones.

i3 ffective radiological recovery of a small residence
and lawn cam be accomplished in a heavy fallout area, 2000 r/hr at
8+1. hr, after a two-week waiting period. A one-man decontamination
crew would receive a dose of approximately 25 r.

MILIT-AW: APPLICATIO!

The information developed 1A this report is applicable to
many military installation areas. it the event of a shortage of heary
equipment, the only alternati~e would be to employ simple decontamina-
tion methods, using generally available equipment.
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uNm DBCOM1ANINATZON Or RBIfI L ARMoS

The objective of this project vus to determine the effective-
ness achieved, the effort required, and the dose received by personnel
in the use of simple decontamination procedures for the radiological
recovery of residential awres.

B. Jastification and Recuirements.

Available technical manuals, such as TM 3-229, precent
methods and data necessary for planning decontamination operations in
built-up areas; novever, such planning is largely based on the use of

heavy construction equipment, maintenance or fire fighting apparatus.
If such equipamt is net available, or if the water supply is limited,
the only alternative may be in the individual employmonz of simple
decontamination methods using generally available tools such as brooms,
chovels, hoses, vacuum cleaners, and ýrden-type equipment.

C. Historical Backhound.

Although radiological decontamination has been intensively
Investigated during the past decade by many agencies, little effort
has been expended in evaluating simple methods. Rather, the empbasis
has been on evaluating high-output or rapid methods in order to keep
operator doses at a minimum. Simple methods have been v.ilized only
as an adjunct to mechanized operations vhere obstructions caused heavy
equipment to miss small areas or where areas were so small that power
equipment could not be operated.

11. OPAUTIOMAL PRGC'!UR AND FACILITIE.

A. Operational Plan.

A series of decontamination trials (see table 3) vas planned
to be coaducted at the Camp McCoy, Wisconsin, test site, which bad been
utilized for cold-weather decontamination tests. A description of the

Camp McCoy test site is presented in references 2 and 3. Each decon-
taminattion trial was planned to be conducted on a nominal 20- by 100-
foot area. In some cases the area size was modified to use available
surfaces, or smaller areas were used for slow work-rate techniques to
keep doses vitbin limits.

5



TABM 1

DECONT•ANATION TIALS COMUCTOE

hjpe of surface contaminated Method of decontamination

Sandy loam - Frrass Garden rototill
Garden plow
Shovel scrape
Spade (turn over)
Vacuum clean
Rotary mow,

conventional
Rotary mow, Toro

Strip shingle roof Corn broom sweep
Street broom

sweep
Vacuum clean
Garden hose,

8 psi
Garden hose,

35 psi

Macadam pavement Corn broom sweep
Street broom sweep
Street broom sweep

(in effort stages)
Vacuum clean
Garden hose, 35 psi

Concrete pavement Corn broom sweep
Street broom sweep
Vacuum clean
Garden hose, 35 psi

Asphalt pavement Corn broom -veep
Street broom sweep
Vacuum clean
Garden hose, 8 psi

and 35 psi
Garden hose, (35 psi

in effort stages)

6

W-71



In addition, a small residential structure and 1/2 actre of
surrounding lawn were contaminated in order to obtain logistic data
OU the Integrated decontaminat ion of this axea by simple imeans.

Operations included preparing a radioactive fallout aimu-
lant, spreading the sivulant on teat surfaces, performing decon-
tamination trials, and disposing of the radioactive oaset..

B. Fallout Simulaflt.

The fallout simUlant employed wes 1501L to 304L smooth sand,
tagged with lanthanrnm-140 at a specific activity of 20JIW/IPL, and
spread at a mass level of ;. ps/sq ft. This is the srea simulant as
used previously at Camp McCoy f or the cold-weather decontamination
studies. 8 'i References 2 and 3 cnntain dietailed discussions (i.n the
choice of parameters and on the production of this falloat simulant.
In this projecz spreading the aimulant on test surfaces ws done with
Scott lawn spreaders (see figure 1).

C. 10adient and Decontamination OxeratIons - Test Plots.

The following tools and power equipment were used. in the
various decontamination tests:

1. StretBro

The street broom wes msde of fiber bristles attached to a
wooden back and had a handl e approximately 5 feet long (see figure 2a).
Two or more men usually worked together so that as one person swept,
another could h"3d a shovel or scoop for the sand to be brushed into
and removed.

2. ConBro

The corn broom used was the standard model usually found
In the home (see figure 2b). Decontamirma.ion was accomplishosd by
sweeping with the broom and picking up the piles of sand and dust
which resulted.

3. Vacuumi Cleaner

The vacuum cleaner wes a Spencer Model P-136, large Class A,
1-1/2 hp, with two sections of hose totaling approximately 30 feet
(see figure 2c). A secton of pipe vas fastened onto the nozzle end
of the hose as a handle for the benefit of the operator. Several
nozzles were tested, but one having soft-rubber paddng cemented to
its edges uas found to be most. effective. The rubber, when resting
on the surface to be clesnel, created an intense vacuum. Because the

7
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container on the vacuum cleone became radioactive va-7 qkpdcky, It
us necessary to stay as far as possible from the tank to ;revent
radiation exposure. Sand collected in the task vas deposited in &
metal can for storage until1 the reAlaa.tivity decayed to a level low
enough for it to be disposed of a the nor-A smaner.

~4. qa.4e' Bose

Water hosing vas accomplished with a standard 5/8-inch-
diameter hose of )O-foot sections coupled tusether (E'e figure 24).
A water meter was inserted in the line near the nozzle so that the
amount of water in gallons could be measured.. At this same location
& tappid f itt ing permtitted a pressure ~ag to be installed. The
nozzle itself vas a s1!!-.e, lurass, garden-hose nozzle that could be
#u~juated. to Provide fine, coax-6a, or cuntro~led sprays on the surface
w be vashed.

5.Standard Iaw= Yover

The stand&. d lawi w~ver used (see finme 2c) us al Zephyr
Model 22 with a bag attached to catch clippings from the lawn. When
the bag contained enough clippings to require that it be emptied,
the clippings were dumped into a metal can to be carried away. To
provide the most vacuum~i~g action, the lamnown was operated at
high speeds during decontamination procedures.

6. Toro Lawn Mover

The Toro lawn mover (see figure 2f) me operated In the
same manner as the 3tandard lawn mwr The min dIfference betwe
the two was the greater suction created by the Toro.

T. Rotla Tiller

The rotary tiller (Hahn :--lps) vas an ordinary garden
model of the type normally used by ot howe owner to plow small gardens
(f igure 2g). It was allowed to dig into the soil to depths from 5 to
10 inches; thus, the fallout uimulanit was not remved but uas dis-
Placed by being Plowed under (figure 3).

8. Garden Plov

The &,Ardenl Iov (figure 22t) vas a model with & mold board
plow and a turf cutter atteehed. The plow turned the earth in folds
(see figure 4a) so that the grass and turf vere completely turncd
under (figure 14b).

9
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9. h~ovel

Two methods of shoveling were explored. The first involved
removal of the turf, that is, the grass and about 3 inches of the
earth; the turf was then placed into a wheelbarrow (see figure 5) and
dumped off to the side of ;he plot. For the other method, the shovel
was put to its full depth tnto the earth, and the pad of earth was
picked up and turned over (see figure 6).

Decontamination operations on horizontal surfaces were
conducted by making traversing passes from end-to-end of the test
areas (figures 7 and 8). In the cases where sweeping and hosing
operations prcduced ridges of removed materials (fallout-plus-
loose-surface material), such ridges were shoveled into GI cans
when the mass of material became noticeably more difficult to move
forward. The material from soil-surface stripping operations was
shoveled into wheelbarrows and piled at least 50 yards from the
test area. Decontamination operations on roofs were conducted from
ridge-to-eave by moving longitudinally along the roof (see figure 9).

Data was obtained on mass deposit level., required effort,
operator dose rates, initial and final radiation levels, and water
consumption, where applicable.

D. Fadiological Instruments and Survey Pr-ocedures - Test Plots.

The same portable scanning apparatus that was used in the
cold-weather decontaminatior study-, was used on all horizontal sur-
faces. This was a wheeled truss with a 20-foot clear span that
straddled the test plot (see figure 10). A collimated anthracene
scintillation crystal with a photomultiplier tube was suspended from
the truss on rollers so that the crystal was 1 foot above the surface.
An endless cable and crank enabled the operator to traverse the de-
tector from one side of the plot to the other. A linear potentiome-
ter v..s coupled to the crank. The outputs from the detector head
and the potentiometer were fed by cable to an instrrent rack and to
an X-Y recorder where the &mplified detector output versus detector
position was plotted. Traverses or "scans" were made at 10-foot in-
tervals or less, along each test plot. Scans were made before and
after decontamination at the same positions over the plots.

For some test plots, readings were taken 3 feet above
the surface at the starting end of the plots with a "cutie-pie".
Readings were taken at thib point as the decontamination effort
progressed down the plot.

Readings were taken at selected points on the roofs
with the collimated detector head from the traversing mechanism
positioned 1 foot above the surface (see figure 11).
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Figure 5 - Decontamination by Shovel Scraping
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Figure 7-Vacuum Cle
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Figur. 7 -Vacuum Cleaninlg Asphalt nlot

Figure 8 -Vacuum Cleaning Concrete Plot
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Figure 10 Gr~ound Plot Scanning (Automatic Detection System)
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Figue 11- Deecto onRoofScaninggol
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E. Fadiological. O•erations - Residential Area.

The residential structure is shown in figure 12, and its
interior floor plan in figure 13. This mall, furnished, frae
residence was a regimental commander's quarters. Contamination
Operations were performed in the following sequence:

1. Contaminate roof of structure.

2. Radiological survey of building interior.

3. Contaminate a 10-foot wide ares around the structure.

4. Radiological survey of building interior.

5. Contaatinate another 10-foot wide area around the
structure (20 feet).

6. Radiological survey of building interior.

7. Contaminate another 10-foot wide area around the
structure (30 feet).

8. Radiological survey of building interior, roof, and
land areas (see figure 14).

The plan was to contaminate the ground to a distance of
50 feet from the structure; however, the inside readirgs leveled off
after contaminating to 20 feet, and spreading of contamination was
discontinued at 30 feet.

The following decontamination and survey operations were
then performed. The choice of decontamination techniques was based
on preliminary results from the decontamination of test plots.

1. Hose roof with garden hose at 35 psi.

2. Survey structure interior and roof.

3. Scrape surface layer of soil with a shovel in l0-foot
Vide zone around structure. Remove spoil to a pile 50 yards from
area (see figure 15).

4. Survey structure interior.

5. Plow remaining soil areas and corn-broom sweep all
sidewalks, driveway, and coal bin areat (see figures 16 and 17).

20
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(b) Abs. Cooum~uuls

Figlzre 12 -Complex Area
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Figure 13 o lyplccal Floor Plan, RCQ-1
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Figure 14 Radiation Measurements on Roof of ComUplex Building

~ !k

I igure 15 Shovel Scraping of Comzplex Area
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Figure 16 - Plowing the complex Aloft

'IL

Figure 17 Complex Area after Decontamination

24.



TABLE

RESULTS OF DECONTAMINATION OF RESIDENTIAL STRUCTURE AN~D LAWN

Ratios of radiation levels
to in.'tial central area radiation level

Location Area -- Roof Decontam- Decontam-
inside contam decontam- ination ination

structure ination. inatiori at 10 ft at 30 ft

Central area 1.00 o.68 0.32 0.15
Along walls 1.17 1.00 .37 .17
Corners 1.40 1.45 .46 .18

Effort man-hours 0.28 11.77 0.74

Effort for task, 0.23 17.37 3.77
man-hours (837 ft2 ) (1476 fta (5088 f13)

Estimated dose for tas 0.2r 22.3r 5.6r
2 weeks after event
(2000 r/hr at H+1 hr)

TABLE 4

RESULTS OF SPECIAL DECONTAMINATION TEqST

Surface Method of Activity Effort
decontamination remaining

mani-hr

1000 ft2

Macadam pavement Street brco:z sweep 84.9 * 0.9 0.1
63.5 + 7.5 0.2
55.4 + 3.8 0.3

4,.2: 5.2 0.4

Asphalt pavement Garden hose;* 35 Psi 36.7 + 4.1 0.3
10.7 *3.2 0.7
5.6 o .4 1.0
5.2 :h 0.4 1.3

27



B. DISCUSSION.

The decontamination of test plots was conducted on areas
from 10 to 20 feet wide and from 40 to 100 feet long. Contamination
of the test plcts, averaged over the entire series, was 47.9 gm/fttm
at 18.6 Pc/gm. The collimated detecting element, located 1 foot
above the sxrface, received about 40 mr/hr of radiation. With 99%
decontamination, the radiation level in the detector element is 0.4
mr/hr, which is well above its minimum sensitivity to discriminate
background radiation and electronic noise. The radiation intensity
measurements were taken, for the most part, as scans across the
test plot. The resulting value of each scan could, therefore, be
considered as ail average value of radiation intensity. This greatly
enhanced the results of the data analyses, as it reduced the con-
fidence intervals about the average percentage of activity remain-
ing. This approach could not be used where point measurements were
taken, i.e., roofs, which resulted in larger confidence intervals.

The results of the decontamination of test plots reflect
only the reduction of radiai;ion ir=.ls th&t wure directly over the
decontaminated area. Just as important is the reduction of radi-
ation inte! sity that can be effected by decontamination of adjacent.
areas. Aaditional data, recorded during several of the tests, could
be used to determine radiation contribution from adjacent areas.
These data were obtained by taking radiation intensity measurements
at one end of the test plot with a "cutie-pie" as decontamination
progressed down the test area. These data do not have as inherent
precision as do the data taken over the plot due to instrumentation
and number of measurements. Much more sophisticated techniques
and instrumentation would be required to obtain data that would
accurately describe the effect of adjacent area decontamination;
nevertheless, the field data obtained can be used to great ad-
vantage for checking the validity of a mathematical model de-
rived for this purpose, and sufficient agreement between the field
data and the model enables projection of the model to larger areas.
Such projection is not always feasible in field tests.

The experimental data and calculated values are given
in table 5. Measurements were taken at ct height of 3 feet at the
midpoint of one end of the test plot, and were recorded as the
decontamination progressed from the measurement point. They are
reported as percentages of the measurement taken before decon-
tamination began. The mathematical model was designed', using
the test plot dimensions and the activity-remaining percentage of
each individual test in order to compare data.

28



=rAMA1Vr OF EVII)MITAL AiD Ia?.MTICAL
MCOMEMCM~ EMMT OFAljAwT AMSA

Dscription Lgth of are. hadiation leel at and Of p
of teat decoutazamLted primntal Model ModeA corrected

for shielding

Apbalt decontaminated by 0 100 100
trt broo, (2Xu o rt) 10 35 39

20 216 27
30 21 2
40 19 20
50 19 19
60 19 is
70 I8 17
8o 18 17
90 17 16

100 17 :

decontaminated by Roto- 0 100 100
tiller (20z100 ft) 10 83 82

20 80 79
30 80
1.0 80 77
50 8o 76

:ocrwte deeontaininted by 0 100 100
corn br. (20x60 ft) 10 30 28

20 20 15
30 14 9
1ý Ii 7
50 9 5
60 T 1.

decontaminated by 0 100 100
shov* scramp (OXuOO ft) 5 6k 17

10 34 31
15 24 24
20 24 21
25 21. 18
30 21. 17

Loan decontaminated by 0 100 100 100
"sading (lOzi fltt) 5 57 65 61

10 17 55 50
15 45 50 45
20 13 18 42
25 1.0 .6 40
30 38 1.6 1.0
LA 38 41 38
50 38 441 I7
60 36 43 31

decontaminated by 0 100 100 100
gaden plow (204100 ft) 5 42 76 60

10 1.2 67 46
15 412 63 39
20 42 6Q 35

ksphalt decontaminated by 0 100 100
corn br. (20400 rt) 10 33 31

20 28 21
30 25 16
h. 23 14
50 23 12
60 22 11

29



Comparison of the experimental and calculated radiation
levels at the end of a test plot generally agree within a few per-
cent. Notable exceptions are spading and use of the garden plow.
These were anticipated, as the shielding geometry of the turned-
over earth directly over the plot differed from that at the side.
The shielding factor of the spading was approximately 0.9; o0 the
garden plow, approximately 0.6. A similar shielding factor would
be expected from the rototilling experiment; its absence is prob-
ably due to the mathematical model's lack of fit when the percent-
age of decontamination is very low.

Another important factor that can be evaluated fron the
field data is the operator dose rate. A reasonably accurate esti-
mate of the expected dose rate can then be coupled with the :-equired
effort for a particular decontamination task; this would give the
dose the operator would be expected to receive. Because the opera-
tor dose is the crux of any decontamination operation planning, data
pertaining to operator dose rates were taken.

It is obvious that the dose rate experienced by decon-
tamination operators will vary widely during the operation. At
the start, the dose rate will be the field intensity. As decon-
tamination proceeds over an appreciable area, dose-rate contri-
bution from the decontaminated area will drop in proportion to
decontamination effectiveness; however, the operator's total dose
rate will depend upon what is being done with the contaminant.
In sweeping or hosing operations, the contaminant is concentrated
in front of the operator; this greatly increases his dose rate.
When the contaminant is buried, as in plowing or spading, the
operator has the advantage of the shielding afforded by the earth.
In removal operations, such as shovel scraping, the contaminant is
removed from the vicinity and will not contribute to the localized
dose rate, but where the contaminant is collected, such as in a
vacuum cleaner, a very intense field is generated neax the machine.

After the inftial stages of decontamination by burial,
removal, and collection techniques had been performed, the oper-
ator dose rate was approximately 6o' of the original field intensity.
In the hosing and sweeping operations, the operator dose rate in-
creased by 25% to 50% for each 10 feet of decontamination progress.
The dose rate would continue to build up unless the accumulated con-
taminant was removed periodically. Such removal was necessary, how-
ever, because the accumulation became too bulky to be effectively
manipulated. It became evident that contaminant removal was neces-
sary for every 10 to 15 feet of travel when hosing, and every 40 to
50 feet of travel when sweeping.

30
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Thn various methods to decontaminate a particular surface
in a uniform fallout field can best be compared on the basis of dose
incurred and benefits received from a given task. Estimates of dose
and reduction of dose rate were made for 20- by 50-foot plots in
an open field and for plots adjacent to a building, and are presented
in table 6 for each of the various surfaces and methods. It is not
intended that the values be used as basic parameters for decontam-
ination-operation planning of dose and dose rates; more refined cal-
culation would be necessary; however, the accuracy is sufficient for
comparison of methods. The values given in the table are ratios of
the initial dose rate (r/hr) at a height of 3 feet taken at (1) the
center of the decontaminated plot in the infinite 1 r/hr open field
and at (2) the midpoint of the 50-foot dimension edge of the decon-
taninated areas adjacent to a building. Minimum valueb for dose
rate remaining with 100% decontamination for the two hypothetical
situations are 0.52 r/hr and 0.20 r/hr, respectively.

The residential complex test consisted of contaminating
the roof of a quarters-type building (T-shaped with 560 square
feet of floor area) and of contaminating a distance of the sur-
rounding lawn to 30 feet from the building. The roof was con-
taminated to a radiation intensity of about 100 mr/hr at 3 feet
above the roof, which resulted in a 27 mr/hr level inside the
building at 3 feet above the floor level. The surrounding lawn
was then contaminated to a 140 mr/hr intensity at 3 feet, which
increased the level inside the building to an average of 73 mr/hr.
The overall contribution to the building's radiation level from the
roof contamination was about 37%. However, in the central portion
of the room, 6 feet from walls, where the radiation level is the
lowest when roof and ground are contaminated, the contribution
from the ro)of was 50%. The expected 80% to 90% decontamination
of the roof would mean a radiation level reduction in the center
of the room to about 60%. The experimental result of 6" is due
to the increase of contaminant immediately around the periphery
of the building because of roof washdown.

An estimate follows of the shielding afforded by the
simple frame structure to the central portion of the room, ex-
pressed as percentages of the outpide infinite field dose rate.
This is based on experimental data plus calculations to adjust to
an infinite contaminated field.

Infinite field dose rate at 3 feet 100%

Inside building, 3 feet above floor, no decon- 40%
tamination

Inside building, roof decontaminated 30$
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TABLz 6

ESTIMATED DOSE AND EFFECTIVE2ESS FOR DECONTAMINATION OF 20-BY 50-FOOT
PLOTS IN 1 R/HR INFINITE FALLOUT FIELD

O* n field Field adjacent to bldg
Decontamination Dose to Dose rate Dose to Dose rate

Surface method Dperator remaining operator remaining

r r/hr r r/hr

•cadam Street broom 2.0 o.89 2.0 .43
Corn broom 2..4 .62 2.4 .2•7

Vacuum cleaner 1.4 .53 1.3 .21
Garden hose 2.4 .53 2.4 .21

asphalt Street broom 1.0 .60 1.0 .25
Corn broom 1.2 .57 1.2 .23
Vacuum cleaner 0.9 .53 0.8 .21
Garden hose 3.0 .54 3.0 .23.

'oncrete Street broom 1.2 .55 1.2 .22

Corn broom 1.0 .54 1.0 .21
Vacuum cleaner 0.6 .53 0.6 .21
Garden hose 1.2 .53 i.2 .21

rassy Lawn mower 0.6 .95 0.6 .A7
Loam

Vacuum cleaner 1.8 .92 1.7 .45
Shovel scrape 10.3 .58 9-9 .24
Rototill 0.9 .88 0.9 .43
Spade 9.5 .69 9.3 .30
Garden plow 0.5 .64 0.5 .27

ny A 100% effective
method .52 .20
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Inside building, roof and 10 feet decontaminated 15%

Inside building, roof and 30 foot area decon- 6%
taminated

The data from special tests, relating effort and effective-
ness of decontamination, were obtained by street brooL sweeping a
20- by 40-foot macadam road as rapidly as possible four times, and
from water hosing four different 10- by 15-foot asphalt plots at
prespecified time limits. The results have been presented in table
4. This data, plotted on semilogarithmic graph paper (see figures
18 and 19) illustrate the correlation between the data and the
equation.

C - C' + (Co - C') exp (-KE) (l)*

where

C = contamination percentage remaining after
a level of effort is expended

Co = initial contamination level (100%)

C' = residual contamination percentage at an
infinite effort level

E a effort (man-hours/iOOO ftP)

K = effort efficiency constant

* Equation (1) was adapted from USTMDL-TR-336, reference 5.

C. CONCLUSIONS.

1. Slmple decontamination methods such as sweeping, vacu-
um cleaning, and garden hosing are effective when applied to roofs
and paved areas. Their application will be liin'ted by the operator
dose received during the low output work period.

2. Surface removal is the only effective simple method
applicable to soil. Work rates are very low and will vary according
to the soil condition. However, plowing witn a garden tractor is
applicable to adjacent areas or buffer zones.

3. Effective radiological recovery of a small residence
and lawn can be accomplished in a heavy fallout area, 2000 r/hr at
H+1 hr, after a two-week waiting period, with a one-man decontam-
ination crew receiving a dose of approximately 25r.
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APPENDIX A

EXPmERIMENAL rATA FROM TEST PLO•S

I. DESCRIPTION OF [IAA.

The data collected from the field tests of plots consist of
(1) radiation measurements taken at a height of 1 foot above the
murface before and after decontamination, (2) mass level and
specific activity of the fallout sirilant collected in sample pans,
(3) decontaminaticn time and number of operators, (4) operator
dose rate, and (5) any other pertinent data for particular tests
(water -- sumption, weight of contaminant removal, etc.)

II. TASMATION OF DATA.

The data collected from the field tests are presented in
tabular form for each test and are grouped by type of surface. The
radiation level values and the simulant specific activity have
been corrected for decay to the time of contamination. Averages
are given with standard deviations. The units used for activity
level correspond approximately to 6.67 mr/hr per unit value.
These units (R) are experimentally related to the activity level
(A mc/f••) of the contaminant on the test plot by the equation:

A f 0.014 R
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TAXI A-i

TST-PLOT DECONTANINATION DAO

9 My 1962

EQUIPMFNT Rotary Tiller SURFAE Tarf-Carered Sandy Loam

Temperature (OF) (2' z 100')
Air 4 Surface 46 Contamination level, 17. +1.4 /_
Median Time of: Deposition Level 5 .8:17,5 ft

Contamination 094 Activity Level e0.91 m/ft
Decontamination 1141 Dose Rate to Opemtr 6 hr

Time to Decont-rsteIll4 min Effort 0.87 vn-hour/1000
Number of Operators I man

Distance Contamination Decontamination , Activity I
from end radiation rudiation remining

(rt) level* level* M %
5 51.06 39.76 77.9

10 56.85 44.98 79.1

20 62.60 47.61 76.0

30 55.71 36.48 65.5

40 57.63 l4 .02 76.4

50 59,68 46-05 77.2

60 1 55.60 49.87 89.7

$70 59.19 40.78 68.9

80 57.20 38.86 67.9

90 i 59.17 42.46 71.T

95 54.24 43.24 79.7

AVERAGE 57.18 :0.93 755.52 0

* Values are proportional to the amount of contaamiation

REHARM: 1. The surface was covered with grass about 5 inches high.
Ground was moist.

2. A portion of the plot was slowly and carefully plowed
to a depth of 10 inches. The rest wa plowed to between
5 and 7 inches. Nc difference in activity level was
detected by the scanner.

3. Relative humidity was 77%.
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TABLE A-2

TN• -PLOT DITC011amI0N DAik

18 Jky 1962

14.MZlIT Garden Plow StWjACN Turf-Covered Sandy Loam

"T".uperature (0 P) (20' x 001)
Air 87 Surface 90 Contamination Level 12.8 do..4 -c/
Median Time of: Deposition Level 5.9 k5. .1 /ft"

Contamination 0745 Activity Level 0.87 .c/ft"
Decontamination i J Dose Rate to Operator 604r

Tim to Decontaminate M min Effort 0.58 m-n-hours#100 ft
Number of Operators 1 n

Distance Contamination Decontamination Activity
from end radiation radiation remining(ft) level* level*()

5 32.65 17.96 55.0

10 34.92 19.86 56.9

20 31.87 15.31 48.0

30 40.78 19.21 47.1

40 44.27 22.51 50.8

50 46.13 25.40 55.1

60 46.29 27.72 59.9

70 46.65 27.83 59.7

80 44,34 28.54 64.4

90 143.141 23.148 514.1

95 141.57 23.23 55.9

AVERAGE 141.27 *.66 55.2 +a. 6

* Values are proportional to the amount of contamination

R•UARKS: I. The contaminant vas unevenly spread over the plot
because of bumpy ground and tall grass (8 inches)..

2. The furrow was from 4 to 6 inches deep.
3. The plow broe down severa1 times, requiring 9 hours

for repair.
4. Actual decon time was 1 hr 10 min.
5. Relative humidity was 70%.
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2MhIB A-3

•2ST-PLOT DECONTAINATION DATA

16 May 1962

JEQJPNZ Shovel (Scrape) SIRFACE Turf-Covered Sandy Loam

Temperature (0 F) (45' x 10')
Air 88 Surface 94 . Contamination Level 33.2 ý1*1 Pc/g
Median Time of: Deposition Level 67 a..9V/ft2

Contamination 091 Activity Level j.Lg mc/ft-
Decontamination Dose Rate to Operator 4 mr/hr

Time to Decontaminate 152 min Effort 28.12 1000 ft
Number of Operators 5

Distance Contamination Decortamination Activity
from end radiation radiation remaining(ft) l evel* level* M•

5 50.19 6.81 13.6

10 50.19 6.38 12.7

20 53.88 5 80 10.8

30 51,45 5.06 9.8

40 49.47 6.31 12.7

AVERAGE 51.04 i0 78 11.9 d0.7

* Values are proportional to the amount of contamination

REMARKS: 1. The "sandy loam" surface was a turf-covered, gravel
parking lot, The gravel, about 1-1/2 Inches below the
surface, caused difficulty in the decontamination. The
time expended was not representative of a sandy-loam
surface. A similar method used in complex test required
11,77 men-hours/l00 ft 3 .

2. Rest periods are excluded from the decon time.
3. Relative humidity was 64%.
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MIU A-4

iTST-PDOT .DECONTAMINATION OA•

18 fry 1962

EQUIPMENT Shovel (Spade) SLPFACE Turf-Covered Sandy Loam

Temperature (OF) (10' x 50')
Air 81 Surface 70-80 Contamination Level 14.6 :.7 c/
Median Time of: Deposition Level 54.9 *14.6 w/ft

Contamination o642 Activity Level 0.b0 mc/ft3

Decontamination 1112 Dose Rate to Operator 2 "mr/hr
Time to Decontaminate J•.. min Effort 10.50 man-hours/i100 ft?

Number of Operators 3

Distance Contamina'ior Decontamination Acti vity
from end radiation radiation remaining

(ft) level* level* (M)

5 25.71 12.18 4-.4

10 26.01 13.86 53.3

20 26.66 11.74 44.0

30 28.50 11-15 39.1

40 29.77 9.49 31.9

50 26.94 10.19 37.8

AVERAGE 27.27 ;0.64 42.2 *3.1

*Values are proportional to the amount of contamination

RD4ARKS: 1. Ground was fairly moist sandy loam with grass 1-1/2
inches high. No gravel or clay were present.

2. Relati"3 humidity was 80%.
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TANS A-5

UST-PLOT DECONTAI•INTION DAT

16 wy 1962

EQUIPMGW' Vacuum Cleaner SURFACE Turf-Covered Sandy Loam

Temperature (OF) (55' x 10')
Air 87 Surface 9 Contamination Level 31.2 L.1 uc/i
Median Time of: Deposition Level 47.6 *1 9 gftr

Contamination 09 Ativity Level 1.59 ncft2

Decontamination Dose Rate to Operator j7 mr/hr
Time to Decontaminate r Effort 1.82 inn-hours 1000 ft-

Number of Operators 1

Distance Contamination Decontamination Activity
from end radiation radiation remaining

(ft) leve* level*()

5 47.28 39.08 82.6

10 45.24 33.98 75.1

20 45.93 36.23 78.9

30 47.37 41-.3 87.5

40 49.41 43.92 8869

50 49.14 4o.35 82.1

AVEDW 47.4o *.68 82.5 l.l

SValues are proportional to the amount of contamination

RE4Mi00: 1. The vac..um-cleaner receptacle read 150 mr/hr at 1 foot.

2. Relative humidity was 49%.
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TABLE A-6

MST-PLOT DECONTAMINATION DATA

3 MKY 1962

EQUIPM4ENT Lawn M'over (Standard) SURFACE Grass (20' x 100')

Temperature (0F)
"Air 76 Surface 80 Contamination Level, 20.5 +.1 c/ I
Median Time of: Deposition Level FR.1 -+.6.. 1pft

Contamination 1442 Activity Level 1.19 mc/ft
Decontamination -- 1 Dose Rate to Operator 6 mr/hr

Time to Decontaminate _12_min Effort 0.13 man-hours/ 100 ft
Number of Operators 1

Distance Contamination Decontamination I Activity
from erml radiation radiation remining(ft) level* level* W•

5 47.8n 50.52 105.5

10 46.01 47.38 103.0

20 47.o4 46.95 99.8

30 45.57 46.49 102.0

40 48,54 48.55 100.0

50 48.53 48.64 100.2

60 51.39 51,13 99.5

70 68.04 68.48 1OO.6

80 51.45 52.97 103.0

90 50.99 51.03 100.1

95 53.57 i 47.94 89.5
AVERAGE 50.82 ±1.88 103.2 *1. 2

SValues are proportional to the amount of contamination

R24ARX: 1. The grass was 4 inches high.

2. The mower was set at 1.5 inches; 8.5 pounds of grass
were removed.
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TABLE A-74

UST-PLOT DECONTJUNATION DATA~

9 mhy 1962.

EQUIMEMIT Lavumover (Tbro) SURFACE Grass (20' x 100')
T~enperature (0F) First Cutting

Air 50 surface 49j Contamination Level 14,1 *0-7 c
Nedian Tim of: Deposition Level 70.2 *2.3 _g/ft

Contamination 1416 Activity Level 0.99 /ft
Decontamination 151 Dose Rate to Operator 60____ mr/hr

Tim to Decontaminate 4j i Efor man-hours/ 1000 f
Number of Operators 1

DIstance Contamination Decontamination Activity
from end radiation radiation remaining

(ft) level* level* )
5 346.10 43.27 93.9

10 4~8.04 43.95 91.5

20 47.19 42.83 90.8

30 43.39 41.16 94.9

40 4s3-55 42.04 96.5

50 45.22 42.71 94.4

60 44.81 43.73 9.

710 47.6o 44.46 93.4

80 47.79 460O6 96.4

90 41.81 40.55 97.0

95 44.40 43.46 97.9

AVERAGE 45.45 W-62_ 94.9 W .7

*Values are proportional to the amount of contamination

REMARKS: 1. Grass was 5 inches high; mover was set at 2-inch
cutting height.

2. 72 cu ft of grass were removed.
j. Relative humidity w'ns 78%.

Appendix A 46



TABLE A-T7

TESt PLOT 0-CONTAMIMLTION DATA

9 ,•y 1962

EQUIPMENT lAvnmover (Thro) SURFACE Grass (20' x 100')
Temperature (CF) Second Cutting

Air 49 Surface 49j Contamination Level ______g__

Median Time of: Deposition level __ft?

Contamination 1416 Activity Level _me/ft 2

Decontamination 1617 Dose Rate to Operator 60 mr~hr
Time to Decontaminate-33 min Effort 0.69 man-hours/lOOO ft

Number of Operators 1

Distance Contamination Decontamination Activity
from end radiation radiation renining

(ft) level* level* (%)

5 46.1o 42.39 92.0

"10 48.04 42.16 87.8

20 47.19 41.38 87.7

30 43.39 38.45 88.6

40 43.55 39.00 89.6

50 45.22 40.74 90.1

60 44.81 40.52 90.4

70 4,7.60 42.27 88.8

80 47.79 43.54 91.1

90 41.81 38.91 93.1

95 44.40 41.63 93.8

AVERAGE 45.45 1.62 90-3 Ao.6

* Values are proportional to the amount of contamination

RE4ARKS: 1. The Toro vas set at a 1-inch cutting height.
2. 30 cu ft of grass were removed containing a measurable

amount of activity (dose rate o 40 mr/hr at 3 feet).
3. Effort and % Activity Remaining based on two decons.
4. Relatiie hunidity was 80%.
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MULEZ A-8

TEST-PLOT DECONTAMIXATION DATA

17 ma~y 1962
EQUIPMENT Corn Broom SURFACE Roof Ui61 x 6o0')

Tlemperature (0 F)
Air 85 Surface 95 Contamination Level 16 2 _jle/q2
Median Time of: Deposition Level ________

Contamination 143 Activity Level _________c/ ft,
Decontamination 170 Dose Rate to Operator 7 ,0 mr/hr

Time to Decontaminate 20 min Efrort 1 4 mmn-hours/l00O ft

Number of Operators 4

Measurement Corttaminatior, Decontamination Activity
number radiation radir tion remaining

level* l ev. 1* (%)
1 64.o 12.29 19.2

2 i 68.c 11.76 7.0

3 55.0 10.72 19 5

4 57.0 9.67 17.0

5 62.0 10.19 16.4

6 72.0 10 19 j 14.1

7 59.5 12.81 21.5

8 77.0 13.33 J 17.3

9 68.0 13.85 20.4

10 57.0 15.42 27.0

11 69.0 13.33 19.3

12 92.0 13.85 15.0
AVERAGE 1 75.0 ±31 1 I 17.8 :k.8

*Values are proportional to the amount of contamination

REMARKS: 1. About -41 to j of the simulant was blown off by 8-10 mph
wind. Some of the sand was blown under the shingles.

2. Measurements 1 t~hrough 6 taken 4 ft from roof v'idge at
5 ft intervals; 7 through 12 taken 4 ft from eave at
5 ft intervals.

3. Relative humidity was 54%.
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TABLE A-9a

TEST-PLOT DECONTAMINATION DATA

4 May 1962

EQUIPMENT Street Broom SUFACE Roof on building 516
Temperature (OF) (16' x 120')

Air 77 Surface 76 Contamination Level !7.8 c/gm
Mledian Time of: Deposition Level 46.1 gl ft

Contamination 112 Activity Level 1.00 Ac/ft,
Decontamination 206 ..... Dose Rate to Operator 42 '" mr/hr

Time to Decontaminate g29 min Effort 0.65 man-hours/]00O ft2
Number of Operators 2-3

Measurement Contamination Decontamination Activity
number radiation radiation remining

level* level*

1 80.5 10.2 12.7

2 28.5 7.5 26.3

3 33.5 8.6 25.7

4 23 0 8.0 34.8

5 30.0 9.0 30.0

6 34.0 9.0 26.5

7 42.5 12,3 28.9

8 26.5 8.7 32.8

9 30.0 9.3 31.0

10 46.5 10.0 21.5

11 45.5 8.4 18.5

* Values are proportional to the amount of contamination

RE..ARKS: 1. Readings were made at 5 ft intervals along a line
4 feet from ridge.

2. Approximately 0.5 inch of rain fell after decon
measurements but some sand still remained between
the shingles.

3. Averages included in Table A-9b
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TABLE A-9b

TE-PLOT DECONTAMINATION RDAIT

4 may 1962

EQUIPMENT Street Broom SURFACE Roof of Building 516

Temperature (OF) (16' x 120')
Air 77 Surface 76 Contamination Level '4 c/cgJ
Median Time of: Deposition Level _ _/ft?

Contamination 112 Activity Level __...............nc/ft?
Decontamination 1206 Dose Rate to Operator mr/hr

Time to Decontaminate 2__min Effort _mn-hours/ 1000 fta

Measurement Contamination Decontamination Activity
number radiation radiation remaining

level* level* M

1 52.5 13.2 25.1

2 28.5 9.6 33-7

3 33.0 8.7 26.4•

4 26.5 11.1 41.9

5 30.5 12.5 41.o

6 30.5 12.3 40.3

7 26.0 10.8 41.5

8 25.0 10.7 42.8

9 - 30.0 10 2 34.0

10 37.5 12,2 32.5

11 35.5 1o0,7 3oý1-

12 35.5 9.6 27.-0

AVERAGE 35.3 *12.4 30.7 +7.7

w Values are proportional to the amount of contamination

REMARKS: 1. Readings were made at 5 ft intervals along a line
4 feet from eave.

2. Averages include values from Table A-9a.
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Tk= A-l0

TEST-PLWT DECONTAMINATION DATA

17 wy 1962

EQUIPMENT Vacuum Cleaner SumFAcE Roof (16' x 60')
Temperature (OF)

Air 85 Surface - Contamination Level 16.2 PC/gm
Median Time of: Deposition Level __ ft 2

Contamination 1428 Activity Level _me/ft?
Decontamination 1 Dose Rate to Operator 65 mr/hr

Time to Decontaminate 105 min Effort 1.88 mn-houra 1000 ft 2

Number of Operators 1

Measurement Contamination Decontamination Activity
number radiation radiation remining

level* level* (%)

1 98.0 1.05 1.1
/

2 55.0 1.36 2.5

3 73.0 1.46 2.0

4 63.0 1.46 2.3

5 56.0 1.57 2.8

6 50.0 1.88 3.8

7 53.0 2.72 5.1

8 56.5 2.51 4.4

9 57.0 1.99 3-5

10 51.0 2.20 4.3

AVERAGE 61.3 +14.5 3.2 *0.4

* Values are proportional to the amount of contamination

REMARKS: 1. The activity level (mc/f?) was not obtained because of a
10-12 mph wind blew about • of the simulant off the roof
by the time the decon operation had started.

2. Measurements 1 through 5 taken 4 ft from roof ridge at
5 ft intervals; 6 through 10 taken 4 ft from ronf eave
at 5 ft intervals.

3. Relative humidity was 51%.
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TABLE A-l1

2ST-PLOT DECONTAUMNATION DATA

u mmy 1962

EQUIPMENT Water Hose (8 psig) SURFACE Roof (15' x 20')

Temperature (0 F)
Air . Surface 5 Contamination Level 1.1 A0.8 cgcm
Medien Time of: Deposition Level 38.6 ft.2 fP

Contamination A55 Activity Level 0,66 mW/ft3

Decontamination 1715 Dose Rate to Operator 3L mr/hr
Time to Decontaminate 122 mn Effort 0.67 zan-hour-slO ft3

Number of Operators 1

Measurement Contamination Decontamination Activity
number radiation radiation remnaing

level* level* (ýj

1 53.0 3.4 6.4

2 52.5 6.6 12.6

3 47.5 7.3 15.4

4 62.5 9.1 14.6

5 57.5 8.0 13.9

6 58.0 5.8 10.0

7 49.o 5.2 I0.6

8 59.0 8.0 13.5

9 58.0 1o.6 18.3

10 60.0 6.9 11.5

11 59.0 5.7 9.7

12 65.5 4.9 7.5

AVERAGE 56.8 *5'3 12.0 +3.4

* Values are proportional to the amount of contamination

REMARKS: I. Twenty-eight &llons of water were used on the roof
(0.093 ga/ft ).

2. Roof area was subdivided into twelve 5 ft squares,
Measurements were taken in center of squares; numbers
1 through 4 along roof ridge, numbers 5 through 8 along
central portion, numoers 9 thrnugh 12 along roof eave.

3. Relative humidity was 82%.
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2.I A-12L

2T-PLOT DECOVTAMINATION DATA

4 my 1962
EQUIPME Water Hose (35 psig)SU ACE Roof of Building 517 (ridge)

1~mperature (5F) (16' x 3.20')
Air 81 Surface 80 Contamination Level 16.8 pc/g
Median Time of: Deposition Level 4.4 ft

Contamination j Activity Leve 06/ft'
Decontamiratioc 1O50 Dose Rate to Operator 2 mr/luTime to Decontaminate _26- _9 Effort 0.23 man-hous/l000 fts

Nube:. ofOperators 1

!Masurement I Contamination Decontination Activity

- number radiation radiation I rewm-inng
levels level* M

1 40.0 3.0 7.5

2 39.5 4.3 10.9

3 36.0. 6.8 18.9
4 36.5 ';313 9.0

5 39.0 3.4 8.7

6 33.5 6.3 18.8

7 36.5 3.3 10.4

8 32.5 3.7 11.4

9 34.o 5.0 14.7

10 36.5 4.7 12.9

135.5 4.5 12.7

12 31.5 4.6 14.6

* Values are proportional to the amount of contamination

REARKS: 1. 131 hlncas water were used over the entire roof

2. Averages Included In Table A-12b.
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TAMIZ A-12b

T-PLOT DWCONZMTLON Dh2L

14 1'hy 1962
E]AI:PNEWM Water Hose (35 psig) SURFACE Roof of hJIlding 517 (eaves)

Teuperat, e (oF) (16' z 120')
Air 81 Surface 80 Contamination level
Median Time of: Deposition level __________

Contaminmtion 1428 Activity level _ _,__ e/f'
Decontamination 1%k Dose Rate to Operator . r/hr

Time to Decontaminate 26_ min Effort ma-hoU_•1_0= t

Measurement Contamination Decontamination Activity
number radiation raiiation remaining

S level* level* M

1 66.5 7.3 11.0

2 0,5 6.5 16.0

3 42.5 9.3 21.9

4 41.o 7.5 18.3

5 34.0 8.2 24.1

6 36.0 9.6 26.T

7 0-o.5 8.1 20.0

8 143.0 7.9 18.4

9 39.5 10.5 26.6

10 39.5 9.5 24.0

11 33.5 7.6 22.7

12 42.0 8.2 19.5

AVERAGE j 38.7 6-.8 16.7 +5.8

SValues are proportional to the amount of contamination

R3MARIM: 1. Averages include values from Table A-iLa.
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TABLE A-13

TESBT-PLOT DECONUMINATION DATA

11 May 1962

E0QIPHET Corn Broom SURFACE Macadam (20' x 55')

Tmperature (OF)
Air 56 Surface 54 Contamination Level 14.0 0.7 pec/gim
Median Time of: Deposition Level 467 112.1 a/ft

Contamination 1810 Activity Level - m0.9 +c/ft?
Decontamination 1953 Dose Rate to Operator 70-230 mr/hr

Tiee to Decontaminate 27 min Effort 1.24 man-hours1000 ft
Number of Operators 3

Distance Contamination Decontamination Activity
from end radiation radiation remaining

(ft) level* level* (M)

5 64.48 14.21 2.0

10 68.66 18.16 26.4

20 64.70 16.63 25.7

30 64.47 12.07 18.7

40 62.70 8.65 13.8

AVRAGE 65.00 *.98 21.3 :.3

* Values are proportional to the amount of contamination

REMARKS: 1. The amount of sand and dirt removed was 165 pounds.

2. Relative humidity was 84%; wind velocity was 3-5 mph.
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TABLE A-14

TET PLOT DECONrAMINATIOX DATA

2 My 1962

EQUIPMENT Street Broom SURFACE Macadam (20' x 100')
Temperature ( 0F)

Air 67 Surface 72 Contamination Level 25.9 109 _Lc/gm
Median Time of: Deposition Level 35.4 Lll.9 am/ft

Contamination 1249 Activity Level 0.92 mc/ft2

Decontamination 1355 Dose Rate to Operator 100 mr/hr
Time to Decontaminate 3min Effort 1 n-hours/lO00 ft?

Number of Operators 4

Distance Contamination Decontamination Activity
from end radiation radiation remaining

(ft) level* level* (M)

5 63.91 45.4o 71.0

10 61.46 50.90 82.8

20 61.87 41.25 66.7

30 63.26 42.65 67.4

40 65.66 49.03 74.7

50 64.07 46.19 72.1

60 66.50 49.48 74.4

70 65.16 38.24 58.7

80 61.514 4856 78.9

90 63.69 60.43 914.9

93 67.06 59.23 88.3

AVERAGE 64.02 10. 50 75.4 k3.1

*Values are proportional to the amount of contamination

REI4ARKB: 1. To decontaminate, three men used brooms and one
a shovel.

2. 517 pounds of gravel were removed from the plot by
decontamination.
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TAMI A-1.5

TEST-PLOT DEC0ITANINATIN DATPA

Il May 1962

BE3IPMWN Vacuum Cleaner sIRFAC macadam (2o' x 145')

TLNmperature ("F)
Air 56 Surface 54 Contamination Level 14.0 :0.7 gc/gm,
Median Tim of: Depos~ition Level 46.0 +12.1 Eý/ftf

Contamination 1813 Activity Level o64 c/ft a
Decontamination 1950 Dose Rate to Operato~r 68 nr/hr

Tim to Decontaminate 8jmin Effort 1.7 uw,%n-hours/10OO ft
Number of Operators 1

Distance Contamination Decontamination Activity
from end radiation radiation remaining

(ft) level* level* M%

5 59.39 0.48 0.8

10 58.514 0.17' 0.3

20 50.1.6 0.67 1.3

30 60.46 0.5.1 0.8

AVERAGE 57.21 -12.28 0.8 *0-2

*Values are proportional to the amount of contamination

R]Z'JJUS: 1. 150 pounds of sand and dirt were removed.

2. The vacuum cleaner receptacle was reading 4.00 zr/hr
at 3 feet.

3. Relative humidity was 82%.
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TABLE A-16

TEST-PLOT DECONTAMINATION DATA

17 May 1962

EQUIPMENT Water Hose (35 DsaI) SURFACE Macadam (20' x 45')
Temperature ( 0F)

Air 82 Surface 90 Contamination Level 17.9 LI.1 vc/gm
Median Time of: Deposition Level .3T7n /fto

Contamination 095__ Activity Level 0.79 mc/f ts
Decontamination 1609 Dose Rate to Operator 0-210 mr/hr

Time to Decontaminate 66 min Effort 1.22 man-hours/lOG0 ft2
Number of Operators 1

Distance Contamination Decontamination Activity
from end radiation radiation remaining

(ft) level* I level* (%)

5 61.38 0.89 1.4

10 61.07 0.89 1.4

20 63.66 0.88 1.4

30 64.17 1.21 1.9

40 61.02 2.36 3-9

AVERAGE 62.26 *0.68 2.0 +0.5

* Values are Proportional to the amount of contamination

REMARKS: 1. 357 gallons of water were used in the decontamination
(0.397 ga.L/ft 2 ).

2. Wet sand and dirt were removed at 10-ft intervals by
shovel.

3. Relativc humidity was 52%.
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TABLE A-17

TE9T-FPLOT DECO0TMINATION DATA

11 may 1962

EriJw ErT Corn Broan SURFACE Concrete (20' x 60')
Temperature (OF)

Air 60 Surface 59 Contamination Level 1ý.7 *0.7 oc/gm
Median Time of: Deposition Level 47.8 +4.1 /ft 2

Contamination 1324 Activity Level 0.75 mc/ft
Decontamination 1355 Dose Rate to Operator 50-160 mr/hr

Time to Decontaminate 18 min Effort O. 50 man-hours/1000 ft2

Number of Operators 2

Distance Contamination Decontamination Activity
from end radiation radiation remaining

(ft) level* level* (%)
5 46.56 1.13 2.4

12 46.oo 2.o4 4.24

19 48.49 1.91 3.9

26 244.03 2.41 5.5

33 48.89 1.25 2.6

4o 48.86 2.61 5.3

247 41.19 1.30 3.2

54 49.83 2.00 4.o
AVERAGE 1 46.71 *1.03 3.9 *0. 4

Values are proportional to the amount of contamination

REW•RKS: I. Eighty-eight pounds of sand and dirt were removed from the
plot.

2. Pickup of sand was required at intervals of 30 feet.

3. Relative humidity was 81%.
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TABLE A-18

TET-PLOT DECONTAMINATION DATA

3-1 May 1962

EWJIPMMT Street Broom SURFACE Concrete (20' x 60')
Temperature (0 F)

Air 55 Surface 58 Contamination Level 16.0 *0.T xc/g
Median Time of: Deposition Level _ 8.7 9 /jft.

Contamination 110 Activity Level 0.78 me/ftt
Decontamination Dose Rate to Operator 0 mr/hr

Time to Decontaminate 20 min Effort 0.6 man-hours/lOO ft1
Number of Operators 2

Distance Contamination Decontamination ' Activity
from end radiation radiation remaining

(ft) level* level* (W)

5 4-.39 1.88 4.0

12 45.81 2.85 6.2

19 43.93 2.76 6.3

26 44.64 1.71 3.8

33 45.27 2.89 6.4

4o 44.84 2.02 4.5

47 45.39 1.88 4.1

54 49.56 2.23 4.5

AVERAGE 45.73 *0.61 5.0 *1.1

* Values are proportional to the amount of contamination

REMARKS: 1. 82 pounds of sweepings were removed from plot area.

2. Relative humidity was 75%.
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TABLE A-19

TET~I-Prja DEC0NTMRIAUMION DATFA

11 My 1962

ENUIPMENT Vacuum Cleaner SURFACE Concrete (20' x 60')
Temperature (OF)

Air 53 Surface 54 Contamination Level 17.7 jl-.l Pc/A
Median Time of: Deposition Level 47.7 6. gm/ft2

Contamination 028 Activity Level C.84 mc/ft
Decontamination 1034 Dose Rate to Operator 48 . mr/hr

Time to Decontaminate _52_'nin Effort 0.69 man-hoUs/lOOO ft 2

Number of Operators 1

Distance Contamination Decontamination Activity
from end radiation radiation remaining

(ft) level* level* W

5 51.02 0.67 1.3

12 49.39 0.60 1.2

19 49.40o 0.9o 1.8

26 49.13 o.68 1.4

33 51.07 0.93 1.8

4o 50.99 1.03 2.0

47 50.01 0.61 1.2

54 51.25 0.53 1.0

AVERAGE 50.28 *0.32 1.5 *0•.1

Values are proportJ.. -. L to the amount of contamination

RF14ARKS: 1. The nozzle of the vacuum cleaner had a rubber rad
fitted to make close contact with the surface and
thus provide maximum suction.

2. The vacuum cleaner receptacle was reading 2.5 r/hr
at 6 inches after one-half of plot was decontaminated.

3. Relative humidity was 85%.
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TABLE A-20

TESr-PLOT DECONTAMINATION DAT

11 may 1962

EW.IF,4M= Water Hose (35 psig) SURFACE Concrete (20' x 60')

Temperature (OF)
Air 58 Surface 57 Contamination level 16.0 *O. 7 iC/g
Median Time of: Deposition Level 346-.1 *.5 - _O'/ft2

Contamination 1418 Activity Level 0.73 m/ft
Decontamination 151 Dcuse Rate to Operator 60 mr/hr

Time to Decontaminate 40 min Effort 05 mn-hours/1000 ft2
Number of Operators 1

Distance Contamination Decontamination Activity
from end radiation radiation remaining

%ft) level* level* W%

5 62.76 o.48 0.8

12 54.86 'o.56 1.0

19 51.78 0.55 1.1

26 50.41 1.36 2.7

475-70.92 .1.8

AVERAGEJ the -14 .7*-

REMA.RKS: 1. A .100-ft garder hose with a 5/8-inch bore and 3/4-inch
nozzle was used.

2.239 gallons of water were used (0.199 gal/ft2).
3.103 pounds of wet sand were removed from the plot.
4.Relative humidity was 73%.
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TABLE A-21

TEST-PLOT DECONTAMINATION DATA

18 May 1962

EQUIPMENT Corn Broom SURFACE Asphalt (20' x 100')
Temperature (OF)

Air 87 Surface 86 Contamination Level 11.9 +0.7 Pc/gm
Median Time of: Deposition Level 49.4±1±.6_jp/ft2

Contamination 1724 Activity Level O. g mc/ft2
Decontamination 1808 Dose Rate to Operator 60-250 mr/hr

Time to Decontaminate 24 min Effort 0.60 man-hours/1000 fte
Number of Operators 3

Distance Contamination Decontamination Activity
from end radiation radiation remaining

(ft). level* level* W

5 35.69 1.12 3.1

10 34.88 1.49 4.3

20 34.88 1.96 5.6

30 33.07 3.03 9.2

40 I 31.76 3.44 10.8

50 33.61 3.27 9.7

60 37.50 3.72 9.9

70 36.25 3.13 8.6

80 37.01 3.82 10.3

90 33.71 4.65 13.8

95 32.67 5.32 16.3

AVERAGE 34.64 ±O.56 9.2 *1.2

* Values are proportional to the amount of contamination

REMARKS: 1. Pickup of sand was required at intervals of 50 feet.

2. Relative humidity was 63%.
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TABLE A-22

TEST-PLOT DECONTAMINATION DATA

8 may 1962

EQUIPMENT Street Broom __ SURFACE Asphalt (20' x 100')
Temperature ("F)

Air 52 Sarface 58 Contamination Level 21.3 *0-.8 c/gm
Median Time of: Deposition Level 46.9 *2.2 .u/fta

Contamination 1624 Activity Level 1.00 mc/ft
2

Decontamination 1719 Do.e Rate to Operator 70-40" mr/hr
Time to Decontaminate 2 mrin Effort 0.47 . an_-hours/l0O0 fte

Number of Operators 2

Distance Contamination Decontamination Activity
from end radiation radiation remaining

(ft) level* level* W•

5 86 10.3 12.0

10 87 10.5 12.1

20 90 12.3 13.7

30 91 14.1 13.5

40 r 85 14.6 17.2

50 85 11.6 13.6

60 84 16.5 19.6

70 87 17.8 20.4

80 99 15.4 15.5

90 84 14.9 17.7

9A,5G 80 13.7 16.7
AVERAGE 80 iI 5 A0

Values are proportional to the amount of contamination

REMARKS: 1. Sweepings were removed from plot area at intervals
of 50 feet.
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TABLE A-23

TEST-PLOr DECQTAMWINTION DATA

2 May 6.962

EQUIPMENT Vacum- Cleaner SURFACE Asphalt (20' x 100')
Temperature (or)

Air 71 , Surface 75 Contamination Level 23.4 *1.1 vc/gm
Median Time of: Deposition Level 27.5 :0.7 gn/fta

Contamination 1500 Activity Level 0. 64 mc/f t5

Decontamination 1751 Dose Rate to Operator 95 mr/hr
Time to Decontaminate 11 min Effort .95 man-hours/OO0 ft

Number of Operators 1

Distance Contamination Decontamination Activity
from end radiation radiation remaining

(ft) level* level*(%

5 50.29 0.03 0.0

10 56.31 0.03 0.0

20 46.85 0.07 0.1

30 55.34 0.15 0.3

4o 61.54 0.29 0.5

50 44.17 0.29 0.7

60 39.67 0.31 0.8

70 53.31 o.48 0.9

80 54.01 0.63 1.1

90 49.51 0.86 1.7

95 5i.48 0.94 1.8

AVERAGE 51.13 *1.83 0.7 +0.2

* Values are proportional to the amount of contamination

REMARKS: 1. The asphalt surface was smooth and free from sand
and rocks.

2. Wind velocity was 7-12 mph.
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TABLE A-24

TEST-PLOT DECONTAMINATION DATA

3 May 1962

EqUIPNENT Water Hose SURFACE Asphalt (20' x 100')
Temperature (OF)

Air 76 Surface 70 Contamination Level 24.9 :U.4 gc/gm
Median Time of: Deposition Level 7.7 :L1.3 /ft 2

Contaminetion 1025 Activity Level 1.19 mo/ft2

Decontamination 1 Dose Rate to Operators 0-100 mr/hr
Time to Decontaminate -Effort . man-hours/lOO fta
Number of Operators 1 Effort 17-25(35 s •an-hours/10OO ft 2

Distance Contamination Decontamination Activity
from end radiation radiation remaining

(ft) level* level* (W)

5 78.35 2.43 3.1

10 79.68 4.06 5.1

20 79.47 2.58 3.2

30 80.43 1.84 2.3

40 78.33 1.80 2.3

50 115.47 3.66 3.2

60 79.60 3.13 3.9

70 80.12 1.56 1.9

80 77.71 1.26 1.6

90 75.62 1.44 1.9

95 75 3o 1.44 1.9

AVERAGE 81.84 *3.40 2.8 *o.3

* Values are proportional to the amount of contamination

R•MARKS: 1. The firAt 15 ft was conducted at 8 psi, requiring 80 min
and 108 gal of water (0.36 gal/ft2 ). Remainder of plot
was conducted at 35 psi. For a 400 ft2 area, 30 min and
93 gal of water (0.23 gal/ft2 ) was required.

2. Pickup of sand was reqiired at intervals of 15 ft.
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z. P~A ZCu ACi'VT! RMT1MlI.

Percentage of activity rtmaining is ca~lculated from each
measurement point or scan, with the radiation Intensity measured
over the contaminated area, %, and the intensity measured after
decontamination, %~, corrected for decay to the time of the con-
taminated plot meaasurement. As the =pItude of current emitted
from the detecting element is directly proportional to the radi-
ation Intensity, the au-rext measurements Mer used to Calculate
the percentages. Figure B is a typical set of I-Y curves recorded
in the field. The are, generated under the current-versus-distance
graph vhen the test plot was scanned is directly proportiona.l to
the Average rwdiation intensity across the test plot. Percentag
of activity remaining vas calculated In both cases by

%activity remaining -A k.(100) (1)

Il. AVDMMl PERCW1ADE (7 ACT=VT RUIAIIR.

The average percenteag of activity remining over a test
plot us calculated as an arithmetic mean of the individual
measurement points or scans.

Where: N - nmber of points or scans.

MI. STANDARD MVIATICU OfAII~ EnIO

'The standard deviation about the calculated average per-
centage of acti1vity remaining was calculated from the equation

Bovever, when using data obtained from scanm, the standard devi-
ation uMS calculated by dividing the sbove equation by Ar. This
Is permissable as the radiation equivalent data from scaml are
average values.

6T



Background Scan (3zlO'O)

Scott of Dec.ntumi-oted Plot M310-)

Figure B Typical X-Y Recordings of Scan Information
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All confidence intervals presented in this report are at a 90%
confidence level. For point measuremnt data, the confidence interval
Is 1.645 times the standard deviation. The confidence Interea, for
averages of scanned data va calculated by multiplying the modifled
standard deviation by the suitable value tAken from a table of
"student's t distribution. Folloving are the t values for 90% con-
fidence level used for the various nabers of mans encountered in
this series:

her Scan Percenties of

* 2.35
5 2.13
6 2.Of'.
7 1.94
8 1.90
9 1.86

10 1.83
11. 1.81

V. SA•MKL PAN DMAA.

The averages and standard deviations given for the ass
level and specific activity of sand were calculated from equations
(1), (2), and (3) for point aeasuremente.

V1. M FOR RADIATION FRM AWAQM ARM.

The method for estiumting the effect of decontamination of an
immediately adjacent area was based on radiation intensity ratios
expected from various sizes of rectangular areas. These ratios are
presented in tabular form in XDL-TR-1l. The procedure is to deter-
mine from the tables the factor of radiation expected from a certain
size area. From this value, the factor of & subarea that has been
decontaminated is subtracted. The result Is the expected radiation
factor for 100% decontamination of the subarea. 31mce this wa
usually not the case, the percentage of activity remaining times
the subarea factor must be added back into the resulting factor.
Where shielding of earth is applicable, the factor that is added to
the result must be further modified.

For example, suppose the radiation intensity reduction is to
be determined at the center of one side of a 4O-foot square test plot,
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I'I

ao which the me-half next to the observer has a remaining ac-

tivity of 20% - the resulting factor iy be deterained as foflows:

S1. Factor for 40 foot square - 2(3.580) - 7.160

2. Factor for 40- by 20-foot area - 2(3.1441) . 6.288

3. Rlesulting factor from 100% decontamination - 7.160 -
6.288 m 0.82

14. FPctor from decontaminated area - (6.288) (0.20) - 1.258

5. Resulting factor - 0.8T2 + 1.258 - 2.130

6. Percentage radiation remaming - 2 (100) - 29.7%

To extend the above example to include an 0.7 shielding factor from
the decontaminated area, the final Bolution would be

Percentage radiation remaiming - 082I +(O.)I1.28) (100) - 214.5%

VII. INFINITE FIELD CALCULATION.

To determine the effectiveness of the decontamination of a ape-
cified area in an infinite fallout field, certain assumptions were
mde to simplify the calculation. It was assumed that all radiation
r&.etved at a point was from an area within a 100-foot radius about
that point, and that there was no attenuation or scattering by -.Ie
air. The radiation intensity factor at the center of this area wat.
22.029. The radiation fact.or of any decontaminated area may be
subtracted from the circle's factor and from the percentage of
remining radiation calculated.
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APPENMX C

MnILDIG COMLEX T'M

I. 14ASLUP4ENT POINTS.

The positions where radiation measurements were taken are

given in figures C.1, C.2, and C.3. All measurements were taken

with a "cutie-pie" at a height of 3 feet above the ground, roof,

or building floor. Tables C.l, C.2, and C.3 give radiation mess-

urements taken at the points illustrated in the correspondingly

numbered figures. Table C.A4 sum-narizes decontamination times

and dose rates during the complex operation.
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Figure C.1 -location of Reading Stations on the Complex
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Figure C.2 - Location of Reading Stations Inside Building on the Complex
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lPC 16,687
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256
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Figure C.3 - Location of Read'ng Stations on Roof of Building on the Complex
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TABLE C.3

RADIATION LEVELS ON ROOF OF BUILDING ON COMPLEX
____ ______(ur/hr) _ _ _

Roof Decon; Roof Decon; Roof Decon;
Reading Roof Ground Contai. Ground Decon Ground Decon
Station Contaminated 30 ft Out 10 ft Out 30 ft Out

I From Bldg From Bldg From Bldg

1 95 47.3 33.2 19.9
265 61.0 36.2 21.6
3 100 47.3 31.7 20.8

75 63.0 36.2 22.4
5 110 47.3 31.0 23.2

85 63.0 36.2 24.1
105 46.2 31.7 22.4
95 6.0 6.2 24.9

9 60 68.3 2.3 24.110 100 49, 4 31.7 21.6
11 80 60.9 36.2 23.2
12 95 47.3 32.5 20.8
13 70 60.9 35.5 22.4
14 90 47.3 32.5 20.8
15 65 62.0 36.2 21.6
16 95 49.4 29.14 17.4
17 80 68.3 31.7 19.1
18 110 49.14 27.9 17.4
19 100 68.3 30.2 19.1
20 115 50.41 27.2 18.3
21 125 68.3 35.5 23.2
22 125 52.5 31.7 22.2
23 135 47.3 30.2 19.1
24 90 47. 29.4 17.14
25 110 57.A 32.5 19.9
26 135 45.2 29.7 19.1
27 120 47.3 31.0 19.1
28 105 59.9 32.5 19.9
29 110 48.3 31.0 19.1
30 90 59.9 21.0 19.1
31 115 48.3 31.7 19.1
32 95 63.0 31.7 19.1
33 115 52.5 314.0 20 8
34 80 60.9 34.0 19.9
35 105 52.5 31.0 19.1
36 75 63.0 31.7 18.3
37 55 52.5 25.7 14.9
38 100 31.5 18.9 12.5
39 120 5.8 27. 16.6
40 85 826.3 17.4
41 135 68.3 34.7 22.4
42 135 52.5 31.0 20.843 155 52.r 31.7 22. 4
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AWE maim PBOWM
Bealth p"lsic activities during the spring series of decoatamina-

7 tion tents were essentially a continuation of the previously reported
activities in connection with the cold-weather decontamination tests.
Differences were encountered, however, in that the maulcharacter of
the decontamination techniques and the somewhat higher concentration
of fallout simulant used led to higher personnel exposures and owe
stringent health phyics control.

1. PRI-T19 SURVEY.

Upon arrival at Comp McCoy one of the first tU81% accomplishedr~ wes the counting of samples taken from some of the areas that we"e
hghly contaminated during the wiuter tests. It was found that the

radiation level of some of these areas was as high as three times the
background radiation level. To further check this residual activity,
and as a matter of routine, a survey was, made In the hot cell which
contained soaw equipment used during the winter. In the course of this
survey, it was found that sawe of the equipment mes st ill higbly con-

taminated - one 10-mi bcaker which had been used In the La "dilution
process still read greater than 20 mr/hr through the beaker aide.
This beaker was washed and the resulting solution shipped to General
Dynamics/Fort Worth for eauslysis. Results indicated the presence
of lu.1 5 ', Ee1", Ceandothers, all resulting from the
Irradiation of minute quantities of Impurities in the lutanthma.
While the presence of these ImpuirItiec Ie to significant longlived
contanmntion of articles used in handling the undiluted Ia140 samples,
the final product of the aimilant plant contained the Impurities in
such a diluted form that noticeable, but not significant, contamination

reined after the W40" had decayed. It was therefore concluded that
a long-term radioactive contamination problem would exist only inside
the hot cell at the simulant plant.

* A re-survey of the floor in the office area of Bldg. 44T revealed
several more spots of fixedfs 1 5 ' contamination. These were eliminated
by removing the top layer of concrete from the floor in the vicinity
of the spots. Boars taken from the subject floor area after decontam-
inationt exhibited disintegration ;.ates from 9 to 2A1 dpa per 150 cml.

II 1Al4t ge~-IMS.

Bealth physics personnel acted as escorts for tranafer of
activated lanthanma from Argonne National laboratory to Camp McCoy
on 3, 7, 15, and 22 May 1962.
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The Wa vas transported in the irradiaion an inside
"a Busreau of Explosives appoved transfer cask baving 6-in.-thick
lead vals. Durin transfer, radiation dose rates measured 2 inches
free the exterior surface of the cask ranged from 125 to 170 mr/hr.

The truck used for these transfers was properly posted and
dose rates in the trucr cab never exceeded 1.5 mr/hr.

III. HaT-CELL AND SIUANT-PiANT OPERATIONS.

Imediately upon the arrival of the Lsz4a at Ceup McCoy on the
dates noted in the preceding paragraph, hot rum mre made in the
hot cell and simulant plant. During the hot-cell operations, dose
rates vere from 150 r/hr at 6 inches to 500 r/hr at 3 inches over
the top of the open cask, 130 to 150 or/hr at the face of the kt
cell, 30 to 45 mr/hr at the operator's position, and 2.5 to 13
r/hr at the hot-cell door (non-shielded). borIng alilsant-plant
operations, radiation dose rates vere 6 to 10 r/hr at the body
position during the La2 ' lance change, 5 to 50 r/br at the La2 4r
lance handle, 100 to 135 r/hr along the Ls14 lines, 140 to 350
mr/hr at the empty pan conveyor loading position, end 6 to 22
r/hr at locations vhere persons vorked (max).

IV. TEST-PLOT OPERATIONS.

Health .•isics personnel monitored and assisted with all
operations involving the distribution of fallout silant and
the subsequent decontamination of the areas involved.

In general, the highest personnel exposure rates vere en-
countered during transfer of the radioactive sand frc. the mixer
truck to the spreaders and durinJ operation of the spreaders.
Dose rates vere as high as 50 mr/hr during the t-afnuer and as
high as 900 mr/hr during the spreading. Dose rates to the driver
of the mixer truck vere as high as 400 mr/hr. Dose rates at the
sides of the test plots (scanner operator's position) mere as
high as 100 mr/hr, and dose rates to the decontamination-equlp-
ment operators ranged from 40 to 300 mr/hr.

V. COMPLEX-AHFA OP••ATIONS.

During blending of the simulant and transfer of the six-
ulant from the mixer truck to the spreaders, dose rates at the
mixer controls ranged from 2 to 2.5 r/hr. In the cab of the mixer
truck the dose rate us 800 mr/hr.

After the entire complex had been s.read, the dose rates
above the plot wer' from 150 to 200 mr/hr. The first decontamination
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operation, washing down the building roo, involved dose rates to
the operator of 50 to 60 mr/hr. The second operation, shov'el-
scraping an area extending out to 10 feet from th. building sides,
involved dose rates to the operators of 80 to 137 mir/hr. Uhe
last operation, ruden-tractor-plaving the remain'n4 aeav In-
volved dose rates to the tractor opicrator of 20 to &) u/rli.

V1. ?ICOL Cr INMTIN AID 9CSAMMO~IN.

In order to minimize the possibility of ingestion of radio-
active mate- is by personnel Involved in the toot operations,
eating was prohibited I- the simulant-plant building an In the
tast areas. Smking was not possible whmnever air coctamination
was present or suspected, &I=ce respirators ware reiquirnid In such
Instances.

Air samples we-re collected during each hot-cell and simulant-
plant operation. These samples vw*r collected inside ths similant
plant, at thie silanlat-plant exhaust stack, and mkt the sMawaus
hall situated sbout 100 yards wast of the simuLant plant. Results
of the samples collected at these locations Indicate that aadsrats y
high levels (9,2.7 x le~ ik/cc) of Ws"' coutamIintion ooze
present In the air Inside the simalant-plaut building during each
hot run. Samples collected at the army was hell Indicate that
the large dilution factors present at the exhaust stack were end-
ficient to prevent any sigaificant amout of W"14 contamination
from reaching the upls hall. The moe-hell air sape cotane
a maximum. of 1 Wc/jesmass-beta activity r(at TflOOO he), whbile
backpcvznd air samples collected Wp to _;_ mlt4 them Us alaut
plant gontained a maximum of 1 Wc/zCrr,,;-bet& activity (at
T* a 170 hr).

'Personnl contamintion ws again ctoztrolled by the mandatory
use of anticontmaination. clothing sand eq~i-c in' by all persons
entering the simulant plant or vorking on or around the test plote.
A chnbm ro and deconteamination shover vere set up at the Health
Physics Building, and a shoe-washing station vas established at
the 'ot" entrance to the chnearea. In spite of these pre-
cautions, several instances of skin and hair contoaination were
discovered at the monitoring statl.: in the change room. None
of theme cases Involved baza~rdnu.a levels of contamination and
all were successfully decontamita~ted by vashine.

Access to all contaminated tea~t pl.,ta and =4%%s was controlled
through the use of barricades, rol.e 'a-uriers, rcAUIaion-hasiard signs
and. off-limits" signs. There vere zaly a few violatons of these
controls, none of which resulted ir persomnel erposur'e or contain-
inat ion.
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VII. PERSONNEL MONITORING.

Control of personnel exposures was accomplished by the use of
film badges and pocket dosimeters. Doses to all personnel were
kept under the 3-rex-per-quarter limit, as shown by the exposures
to the various groups:

GroupEnosure Cur)

iD/F W/ personnel 655 - 297o

NDL personnel 265 - 940

Local mployees 171 - 660

Visitors 0 - 13

Additional personnel monitoring was accomplished through the
use of pre-operational and post-operational urine samples. These
were collected at Camp I'cCoy and sent to GD/.NW for routine bioassay.
"Results of these analyses indicate no significant uptake of IWa4o
by any of the persons monitored. Pre-operational urine samples from
perimnently assigned persprnnel ranged from 50 to 360 din/liter (1,3
activity), with an average of 198 dpm/liter; post-operational urine
samples ranged fr-'u 27 to 700 dpm/liter, with an average of 280
din/liter.

VII. ENVIRONMENTAL RADICACTIVITi MONITORING.

As a continuation of the on-site and off-site envirunmntal
monitoring programs initiated in connection with the cold-weather
ser'es, three sets of monthly environmental samples were collected
during and after the current test series. The siapling-station
locations remained unchanged (Figures D.1 and D.2) and the sample
types were simiiar, although several water samples were collected
in the last three sets where only snow and ice were available
during the winter.

Analysis of these samples of air, soil, water, and vegetation
indicates some variation - probably due to nuclear-weapon testing,
but no evidence of significant levels of La°60 contamination from
the NDL test program. Tables D.l, D.2, D.3, D.4, and Figure D.3
give the results of analysis of the environmental saemples collected
in and around Camp McCoy in April, May, and June 1962.

IX. POST-TEST ACTIVITIES.

Following the cessation of test activities, all tools and
equipment were decontaminated or allowed to decay to acceptable
levels before they were returned to the Camp McCoy authorities.
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NPC 1604

IY-E TETAREA

4/5 MILE

/ SPARTA

STATION SAMPLE TYPES

I-C SOIL. SUB-SOIL. WATER, VEGETATION
II-C - i. SUB-SOIL. VEGETATION
11.D WATER
III.C SOIL. SUB-SOIL, WATER
IIL-D WATER, VEGETATION
1V.C SOUL SUB-SOIL. VEGETATION
Iy-D WATER
IY.E WATER, SOIL

Figwae Dl-1 Oti-Site ftviroaental Sampling Locations
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1.5.

STATION LOCATION SAALEERPE

l.A WYEVILLE CREEK WAE.SOIL SUIs-SOIL. VEGETATION
LI SLACK RIVER FALLS RIVER WATER. SOIL. SUm-SOIL. VEGETATION. AIR

IlA TOM4AH LAKE LAKE WATER, SOIL. SUB-SOIL, VEGETATION
NI WILTODN CREEK WATER, SOIL SUE-SOIL. -VEGETATION

&lC TOM.AH DRINKING WATER. AIR
Il"- SPARTA LAKE LAKE WATER, "OL. SUB-SOIL, VEGETATION
l11,S SPARTA DRINKING WATER. AIR
ky-A MELROSE RIVER WATER. SOIL. SUB-SOIL, VEGETATION
IV-S CATARACT CREEK WATER. SOIL. SUB-SOIL VEGETATION

KENDALL Alt

Figure D.2 -Off-Site Environmental Sampling Locations
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TABLE D-1

RADIOACTIVE CONTENT OF SOIL SAMPLES

Station April May Juve

I-A 5.53 2.57 9.85 *2. ."4 2452 *2.81
I-B 30.65 2.81 26.40 2.67 49.62 * 3.00
I-C 3.07 3.00 71.25 3.38 13.83 2.64

II-A 1.20 2.48 16.39 2.71 68.32 + 3.19
II-B 26.98 2,88 33,0 2.68 35,88* 268
II-C 45.03 * 3.14 36.30 2.83 41.58 * 2.78

IIZ-A 32.37 * 2.99 22.d3 * 2.67 58.10 t 3.28
III-C 131.57 * 4.24 56.31 * 3.32 42.17 * 3.45
IV-A 9.75 * 2.35 19.69 ± 2.62 44.26 t 2.97
IV-B 13. 3 * 2.7 25.08 * 2.65 21.44 * 2.77
IV-C 89.22 * 3.68 31.82 * 2.82 29.55 * 2.86
IV-E 42.92 3.16 42.77 * 3.13 43.56 * 2.81

39.98 * 3. 00 32.71 ± 2.83 39•40 ± 2.94

TABLE D-2

RADIOACTIVE CONTENT OF SUB-SOIL SAMPLES
C 0/gm)_________

Station April May June

I-A 5.53 *2.52 0 3.18 4.77 ± 2.47
I-B 6.13 2.47 8.55 2.50 19.45 ± 2.35.

S24..8* 3.15 33.20 * 2.69 6.23 ± 2.51:
II-A 26.21 ± 2.85 .68 * 2.58 16.77 ± 2.46
II-B 30 25 * 2.96 28.84 2.88 29.55 ± 2.83
II-C 2.72 2.:48 0 - 2.30 7.26 * 2.20

III-A 13.83 * 2.68 4.92 ± 2.59 12.45 * 2.60
III-C 11.07 * 2.62 3.46 * 2.81 30.64 * 2.74

IV-A 3.41 * 2.43 2.86 * 2.45 25.48 * 3.92
IV-B 9.03 * 2.77 0 * 2.21 46,34 ± 3.16
IV-C 7.61± 2.54 32,35 * 2.91 14.29 ± 2.42

kverage 12.79 T 2.68 10.17 * 2.66 19.39 * 2.70

/
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TA�5LB D-3

RADIOACTIVE CONTENT OF VEGETATION SAMPLES
[�.ao/P1 (ash)]

- 'I

ion April _________} June

I-B 29.821� 1194:46 ± 20.95 598:78 ± 27.2646:31 * 58.00 1�9.65 * 33.8 1109.20 * 27. 39j
II- 3439.11 * 140.20 23�9.59 * 50.2� 641.87 ± 22.3&
Il-B 682.55 * 19.93 iiO8.0� * 25.35 I 823.85 ± 21.341
lI-C 5175.95 * 94.51 j 1172.3 ± 31.91 1949.22 ± 36.241

Ill-A 827.31 * 22.70 1455.55 * 22.62 945.26 * 23.40�
III-D 3173.39 * 43.22 1096.93 �' 15.20 '1088.80 * 24.01�
IV-A 6429.34 * 58.96 869.96 * 17.53 1961.23 * 32.831
IV-B 16 2.16 * 30.75 3 04.65 * 144.28 I 670.16 * 19.01:

* 70.59 2�9640 * 40.49 1062.27 ± 27.58IV-C 78�6.99

Average 4445.Th * 53.03 1699.26 ± 30.08 1107.62 ± 26.48

7 TABLE �-4

RADIOACTIVE CONTENT OF WATER SAr4'eLEs
(J3uc/liter)

Station April May June

I-A 30.02 ± 18.28 114.87 ± 21.21 90.79 � 21.14
I-B 18.76 ± 18.11 49.55 ± 17.98 38.13 ± 17.46
I-C 11.84 ± 20.54 15.77 ± 17...8 0 * 18.il

Il-A 3.74 * 18.76 38.53 * 18.13 37.86 * 19.02
11B 7.27 ± 18.47 281.53 ± 24.8:) 3.87 * 18.63
Il-C 7.39 * � 19.39 � 18.19 12.41 ± 19.65
II-D 3.63 * J'� 21.53 * 18.14 6.71 ± 16.61

Ill-A 22.52 * 17.97 10.90 ± 20.51 0 * 18.14� -- -- 0*18.08
Ill-B 32.18 11.06 ± 20.29 17.4 * 17.06
Ill-C 1.55
III-D 25.54 * 17.94 36�4 ± 18.b8 16. ± 15.65
IV-A 30.27 * 18.52 163.38 * 18.74 69.17 * 18.38
IV-B 10.88 ± 18.49 1 36.33 * 17.94 0 * 16.94
IV-D 10.97 ± 17.92 15.00 * 18.92 17.76 * 17.00
IV-E 7.27 * 17.69 10.82 * 19.95 3.60 * ±8.36

Average 14.82 ± 18.70 58.96 * 19.34 I 20.97 * 18.06
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NPC 16,690

(a) Sell Samples

/60 60

~40- - 40

~30 ~30
U
<20 <20

o 0
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MONTH QUADRANT

(bi Sub-Soil Samples

60 60

140 ~40
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<20 < 201
0 0

00

APRIL MAY JUNE II II I
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Figure D-3 R adioactivity of Environmeaital Samples
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/ (c) vegelaflen Samples (Ash)

10000 10000

6S000 6=00

4000 ~4000

24000 24000

0 200 -1 cc 0 .
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.(d) Waetr Samples
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> 30 55:30
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Figure D-3 (Cont'd) -Radioactivity of Environmentai. Samp3i:s
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Buildings and areas contaminat~ed in the course of the test
program remained posted and barricaded until the contaminating
material had been removed or had decayed to acceptable limits.
As of 13 June 1962 analysis of the a'war amples, soil. samples,
and surveys showed that with the exceptiam aE the el-ilant-plant
building, all buildings anid areas could be returned to normal use.
The simulant plant, however, contained a quntity of La"' 0 con-
taminated sand and residual radioactivity in siaificant amounts.
This building was therefore locked and posted with "radiation area"

* signs and the key given to the Post Engineer at Camp McCoy.

Moderate-level radioactive waste rined from the buildings
* and areas, such as contaminated sand, wasburied in a locked,
- controlled-access area.
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